Primary liver cancer (PLC) is relatively rare in Europe and the United States. In parts of Afrika and Asia, it is one of the most common malignant tumours (Linsell & Higginson, 1976) . The most predominant histological type of PLC is hepatocellular carcinoma (HCC). Intrahepatic cholangiocellular carcinoma (CC) is less common than HCC and is thought to have a different aetiology (Okuda et al., 1977) . HCC has been associated with hepatitis B virus, aflatoxins and alcohol with -75% of cases occurring in patients with cirrhosis (Popper, 1979) .
Sweden is a low incidence region of PLC. The age standardized incidence rates increased both in men and women between 1960 and 1980 (Figure 1 ). In males, it was in 1960 3.0, and in 1980, 6.9 per 100,000 subjects. In females, the corresponding rates were 0.9 and 4.3 (National Board of Health and Welfare, 1983 ). The agespecific incidence of PLC in Sweden is typical for low incidence regions with the highest incidence in the upper age group (Figure 2) .
In high incidence areas, hepatitis B virus and/or aflatoxin are thought to be the major aetiological factors (Cady, 1983) . Exposure to aflatoxins is low in Sweden and the prevalence of hepatitis B virus infection (on-going or previous disease) was, 4.5% in healthy blood donors, (Norkrans et al., 1983) hepatitis B could hardly explain the greatly increased incidence of PLC in Sweden over this time period. Other environmental aetiological factors might thus be important for PLC in Sweden. Since PLC is one of the cancers with the highest registered incidence rate increase during [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] 1975-1979. ( ) males; (---) females.
Sweden (Hardell & Sandstrom, 1979; Pershagen & Axelson, 1982) .
In order to check the information in the questionnaires about previous diseases and the intake of drugs, copies of records from various hospitals and primary health centres were collected for all cases and controls in the investigation with the exception of one control whose records could not be found. Information about alcohol consumption could also be obtained from the records in some cases and controls and compared with data derived from questionnaires or interviews. Only data obtained from the questionnaires and telephone interviews, however, were used in the analysis.
The questionnaire contained different questions concerning exposure to various chemicals. Only subjects with exposure to phenoxy acids more than one day were classified as exposed, as in previous studies (c.f. Hardell, 1981 (Hueper & Conway, 1964) . Regarding exposure to phenoxy acids, chlorophenols or organic solvents, a latency period of 5 years had been used in previous studies (c.f. Hardell 1981) and was applied again to make the assessment of exposure comparable in the various studies. All individuals with such exposure were exposed more than 5 years prior to the diagnosis of the cases and their respective controls, however. Exposure to various other chemicals was recorded without considering any latency period.
Statistical methods
The statistical analyses of the data were based on the Mantel-Haenszel procedures for the calculation of P-values and for estimation of overall rate ratios (Mantel & Haenszel, 1959) . The principles for determination of standardized rate ratios have been outlined by Miettinen (1972a, b) , as has the method for calculating the 95% approximate (test based) confidence interval of the rate ratio, Cl95, given in the text in parenthesis (Miettinen, 1976) .
Results
The study involved 103 cases with PLC and 206 controls. Relatives of one of the cases and 6 of the controls refused to participate. The histopathological diagnoses of the remaining 102 cases are described in Table I . Since the aetiologies of HCC and CC are thought to be different, these cancer types were analysed separately. Mixed HCC and CC carcinoma were thereby grouped together with HCC. The whole group of PLC was also analysed, however. d6 subjects did not know about exposure.
'2 subjects also exposed to chlorophenols, high grade. (Table V) . Of HCC, 7.2% had porphyria cutanea tarda (PCT) versus none of the CC cases or the controls. Of these 6 cases, 4 were alcoholics and one had haemochromatosis. Since different types of porphyria could not be distinguished in the questionnaires, all the records of the cases and controls were reviewed in this respect also. Porphyria acuta intermittens (PAI) was reported by 3 cases with HCC but by no case with CC and by no control. All these 3 cases had well-differentiated HCC. Cirrhosis could not be evaluated from the preserved pathological specimens. Drugs An intake of clofibrate was not reported by any case but by 5 controls, which was related to the fact that hyperlipidaemia was more common among the controls (Table VIII) . The use of antihypertensive drugs was also more common in the controls. Among the cases, 6.1% had been treated with tuberculostatic drugs compared to 2.5% among the controls.
Discussion
PLC is one cancer with the highest registered increase in the incidence rate in Sweden and this can hardly be explained by purely diagnostic factors. Sweden is, however, still a low-incidence region with an age-specific incidence typical for such regions. In countries with high incidence, the peak incidence shifts to younger age groups. In Mozambique, the incidence in males under 40 years of age is 500 times greater than in US white men of the same age, whereas after 65 years of age the excess is only two-fold, which might indicate a different aetiology in these age groups (Nagasue, 1982) . Esposure to polyvinyl chloride can induce haemangiosarcoma in the liver (Creech & Johnson, 1974) . One of our 3 cases with haemangiosarcoma had such exposure. The case with unspecified softtissue sarcoma in the liver was exposed to phenoxy acids in 1955-1961 with a latency period of 22 years. Previous studies have linked exposure to phenoxy acids with an increased risk of soft-tissue sarcoma (Hardell & Sandstrom, 1979; Eriksson et al., 1981) .
In several studies, primary liver cancer of the HCC type has been related to persistent hepatitis B viral (HBV) infection (HBsAg carriers). The relative risk has been estimated to be 10-70 among carriers in different populations (Trichopoulos et al., 1978; Tabor et al., 1977) . Since the prevalence of HBsAg positive carriers in Sweden is less than 1 %, the aetiological fraction can be estimated to be 10% or less (Trichopoulos, 1981 (Brechot et al., 1982) . An aetiological interaction between HBV and alcohol may be important and should be studied more. Aflatoxin has been shown to be a liver carcinogen in countries with high intake (Linsell & Peers, 1977 (Linsell & Higginson, 1976) . If alcohol can induce HCC more directly or if tumour development always requires existent cirrhosis is not known. HCC, however, has also been reported in alcoholics without cirrhosis (Anthony, 1976 (Okuda, 1977) . Of the 15 cases with CC, 6 were alcoholics with a crude ratio of 3.3, which was not significant, (X2 = 2. 1; C195 = 0.7-16.1).
Due to the low number of cases with CC in our study, no conclusions could be drawn.
Smoking was reported somewhat more frequently by the cases than by the controls. After stratification for alcohol, no increased risk by smoking could be found. Some other studies have indicated an association between smoking and PLC which could not be reproduced in our study (Lam et al., 1982; Trichopoulos et al., 1980 (Stemhagen et al., 1983) . In our study, the relative number of person-years in occupations with potential exposure to organic solvents was higher in cases than in controls. An exposure to organic solvents gave an approximately 2-fold increase in the risk of HCC. Asphalt workers were also over-represented among the cases. No increased risk of HCC among asphalt workers has been described previously. Asphalt workers are potentially exposed to organic solvents, and asphalt also contains different polyaromatic hydrocarbons with carcinogenic properties. In animal studies, dioxins have induced HCC among other cancer types (van Miller et al., 1977; Kociba et al., 1978) . They are found as impurities in phenoxy acids and chlorophenols. No association between exposure to these chemicals and PLC was found in this investigation, although a formal risk of 1.8 was obtained for combined exposure.
The intake of tuberculostatic drugs was more frequent in the cases than the controls, with a crude rate ratio of 2.5. The most common combination was isoniazid, streptomycin and p-aminosalicyclic acid. Isoniazid is of interest, since it is metabolized to an alkylating agent in the liver (Sherlock, 1979) .
Porphyria cutanea tarda (PCT) is usually associated with an underlying liver disease (Doss et al., 1976) . Of our 6 cases with PLC and PCT, 4 were alcoholics and 1 had haemochromatosis. In a series of 10 cases with PCT who developed PLC, all were alcoholics with liver cirrhosis (Solis et al., 1982) .
Porphyria acuta intermittens (PAI) is an "inborn error of metabolism" inherited as a dominant trait. It is characterized by a reduced urosynthetase activity in the synthesis of heme. The disease is diagnosed by increased excretion of two precursors (aminolevulinic acid and porphobilinogen (PBG)) in the patient's urine and/or decreased urosynthetase activity in erythrocytes. Due to the familial occurrence, the prevalence of PAI has been reported to be higher in northern Sweden than in the rest of the country; i.e. 1 case per 1000 inhabitants (Waldenstrom, 1969) . Several of the cases with PAI have been traced to one person in the 17th century living in northern Sweden.
The three cases with PAI and HCC involved in this investigation were 69, 66 and 65 years old at diagnosis. One of them consumed alcohol, which provoked acute attacks of PAI. Since the prevalence of PAI in the population in our area is expected to be 1 case in 1000 persons, the finding of 3 cases with PAI among our 83 cases with HCC could not be explained by chance. As mentioned in the introduction, an association between HCC and PAI had previously been observed in northern Sweden (Lithner & Wetterberg, 1984) .
In conclusion, this investigation indicates an association between alcohol abuse and hepatocellular carcinoma, while no conclusions could be drawn regarding cholangiocellular carcinoma. An increased risk was also found for occupational exposure to organic solvents. The inherited disease porphyria acuta intermittens certainly constituents a risk factor, but further studies are warranted for a more quantitative risk estimation. Asphalt work and the intake of tuberculostatic drugs may be other risk factors. Hepatitis B virus infection and cirrhosis, which are factors of great aetiological interest could not be evaluated in the present study due to the lack of sufflcient data. This study was supported by grants from the Swedish Cancer Society (project number 1046-B83-08XC).
